METHOD FOR THE ADHESION OF TWO ELEMENTS , IN PARTICULAR 
OF AN INTEGRATED CIRCUIT, FOR EXAMPLE AN ENCAPSULATION 
OF A RESONATOR, AND CORRESPONDING INTEGRATED CIRCUIT 

Field of the Invention 
[0001] The present invention relates to the field of 
integrated circuits and microsystems, and more 
particularly, to the mutual adhesion of two elements of 
an integrated circuit or of a microsystem. The present 
invention advantageously applies to the encapsulation 
of components on an electronic chip, such as the 
encapsulation of a resonator supported by a Bragg 
mirror, for example. 

Background of the Invention 
[0002] The development of microelectronic 

technologies is accompanied by an increase in 
systematic integrations of complex electrical functions 
that were previously located external the package of 
the integrated circuit. Among these functions, mention 
may be made of microelectromechanical systems or MEMS 
and passive components known by those skilled in the 
art under the term "above IC" components that are 
produced on top of the passivation layer covering the 
integrated circuit. 

[0003] The production of MEMS or passive components 

requires strict compatibility, especially thermal 
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compatibility, in their steps with respect to the steps 
in producing the lower interconnect levels, as well as 
a protective layer before the circuit is packaged. 

[0004] At the present time, the adhesion of the two 
elements within a microsystem is accomplished by using 
a polymer material for bonding. However, this approach 
poses a problem. Since the polymer is insulating, it 
does not allow an electrical contact to be made. In 
addition, in the case of the encapsulation of 
components, the use of a polymer for bonding does not 
allow a hermetically sealed system to be obtained. 

[0005] In the field of microsystems, Patent 

Application WO 02/058233 discloses the encapsulation of 
filters using, as an adhesion, the eutectic alloy AuSi . 
However, this type of alloy cannot be used in 
microelectronics on an integrated circuit since gold 
would diffuse . through the lower layers of the 
integrated circuit and damage the interconnects. 

[0006] Thus, at the present time, methods do not 

allow the adhesion of two elements of an integrated 
circuit, and in particular, for encapsulating a 
component on an integrated circuit at an acceptable 
temperature, such as below 400°C for example. This 
would make it possible to obtain an adhesion layer 
having good mechanical properties, and possibly, good 
electrical properties so as to obtain, for example, a 
hermetically or semi-hermetically sealed system. 

Summary of the Invention 
[0007] In view of the foregoing background, an 

object of the present invention is to overcome the 
above described problems. 
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[0008] This and other objects, advantages and 

features in accordance with the present invention are 
provided by a method for the adhesion of a first 
element, such as an integrated circuit or a microsystem 
for example, having at least one surface portion 
covered with silicon, to a second element, such as an 
integrated circuit or a microsystem for example, having 
at least one surface portion covered with nickel . The 
adhesion may be achieved by Nisi (nickel-silicon) 
bonding. The bonding may be carried out at a heating 
temperature above 2 50 °C, preferably between 2 50 °C and 
400°C, and more particularly at 300°C. 

[0009] The minimum bonding time depends on the 

bonding temperature used and may be adjusted by those 
skilled in the art depending on the intended 
application. A minimum time of 5 minutes may be 
possible. However, when the temperature is below 450°C, 
it turns out that the minimum time may be about 2 0 
minutes, and typically about 25 minutes. The roughness 
between the two surface portions of the two elements is 
preferably less than 1 |im. The NiSi layer thus formed 
may have a thickness on the order of 1 jam. 

[0010] According to one variation of the invention, 

the second element includes, beneath the nickel layer, 
a silicon underlayer. The stack obtained may comprise 
Si/Ni/Si layers. After bonding, the stack may be formed 
from Si/NiSi/Si layers. 

[0011] According to another variation of the 

invention, the first element may include, beneath the 
silicon layer, a nickel underlayer. The stack obtained 
may comprise Ni/Si/Ni layers. After bonding, this stack 
comprises Ni/NiSi/Si/NiSi/Ni or Ni/NiSi/Ni layers if 
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all the silicon is consumed. This second stack has the 
advantage of being conductive at each of its layers. 
[0012] The invention applies advantageously to the 

encapsulation of components on an electronic chip. In 
a first variation of the encapsulation method, the 
first element is a silicon cover, and the second 
element includes a resonator supported by a Bragg 
mirror having a nickel layer between two layers of a 
low acoustic impedance material, such as Si0 2 for 
example . 

[0013] According to one implementation, the method 
comprises the following steps prior to the adhesion 
step: preparing the second element by removing a 
portion of the layer of low impedance material so as to 
expose the nickel layer; preparing the first element by 
forming a silicon linking portion; and bringing the 
linking portion of the first element into contact with 
the exposed portion of the nickel layer of the second 
element so as to obtain, after adhesion, the resonator 
encapsulated by the cover. The term portion means one 
or more regions of an element or of a layer. 

[0014] According to another implementation, the 
first element is a silicon cover and the second element 
includes a resonator supported by a Bragg mirror 
comprising a layer of high impedance material different 
from nickel between two layers of a low acoustic 
impedance material. This method comprises, for 
example, the following steps prior to the adhesion 
step: preparing the second element by removing a 
portion of the layer of the low acoustic impedance 
material so as to expose the layer of high acoustic 
impedance material; depositing nickel on the exposed 
portion; preparing the first element by forming a 
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silicon linking portion; and bringing the linking 
portion of the first element into contact with the 
exposed portion of the nickel layer of the second 
element so as to obtain, after adhesion, the resonator 
encapsulated by the cover. 

[0015] Another aspect of the present invention is 
directed to a device, such as an integrated circuit or 
a microsystem for example, comprising at least two 
elements mutually fastened by a bond formed by a Nisi 
alloy. 

[0016] According to a first variation of the device, 
the two mutually fastened elements may be made of 
silicon. According to a second variation of the 
device, the two mutually fastened elements may be made 
of nickel . 

[0017] According to yet a third variation of the 
device, the first element may be a silicon cover and 
the second element may be a resonator supported by a 
Bragg mirror. The layer of high acoustic impedance 
material may be nickel. The NiSi bond may be located 
at the interface between a region of the cover and a 
portion of the nickel layer, and the resonator may be 
encapsulated by the cover. 

[0018] According to a fourth variation of the 
device, the first element may also be a silicon cover 
and the second element may also be a resonator 
supported by a Bragg mirror. The layer of high 
impendence material may be different from nickel. The 
NiSi bond may be located at the interface between a 
region of the cover and a portion of the layer of high 
acoustic impedance material, and the resonator may be 
encapsulated by the cover. 
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Brief Description of the Drawings 
[0019] Other advantages and features of the present 
invention will become apparent on examining the 
detailed description of entirely non-limiting 
embodiments and methods of implementation, together 
with the appended drawings in which: 
[0020] Figures 1 and 2 illustrate, very 

schematically, a first implementation resulting in a 
first embodiment of an integrated circuit according to 
the present invention; 

[0021] Figures 3 and 4 illustrate, very 

schematically, a second implementation resulting in a 
second embodiment of an integrated circuit according to 
the present invention; 

[0022] Figures 5 to 10 illustrate, very 

schematically, another implementation of the method 
according to the present invention, that is more 
particularly suited for encapsulation of a resonator 
supported by a Bragg mirror; and 

[0023] Figures 11 to 15 illustrate, again very 

schematically, another implementation of the method 
according to the present invention, that is more 
particularly suited for encapsulation of a resonator 
supported by a Bragg mirror. 

Detailed Description of the Preferred Embodiments 
[0024] Figure 1 shows a silicon layer 1 of an 

integrated circuit IC, on which a nickel layer 2 has 
been deposited. Another silicon layer 3 has been 
deposited on or brought into contact with the nickel 
layer 2 . 

[0025] Figure 2 shows the same elements as those 

shown in Figure 1 once the bonding has been carried 


- 7 - 


out. Thus, two silicon layers 1 and 3 that adhere to 
each other by a NiSi (nickel -silicon) bond 5 are 
obtained. 

[0026] In Figure 3, the integrated circuit IC this 

time includes a thin silicon layer 8 placed between two 
nickel layers 7 and 9. After bonding (Figure 4), the 
two nickel layers 7 and 9 are mutually fastened by the 
NiSi alloy 11. In this implementation, since the NiSi 
alloy is conductive, the stack of the layers 7, 11 and 
9 has the advantage of being electrically conductive in 
the vertical direction. This embodiment therefore 
makes it possible to fasten two nickel elements of an 
integrated circuit and to produce an electrically 
conductive stack, which could, for example, serve as an 
electrical interconnect . 

[0027] In general, the bonding according to the 

invention is carried out at a temperature above 2 50°C, 
preferably between 250°C and 400°C, and more 
particularly at 300°C. To carry out the bonding of two 
elements, the two elements are kept in contact, 
typically for 25 minutes, with each other with 
sufficient pressure to ensure that they are heated to 
the bonding temperature. Moreover, the roughness of 
the layers to be bonded is a parameter that allows a 
strong, reliable and vacuum- tight bond to be obtained. 
The assembly forms a second element intended to be 
fastened by NiSi bonding to a first element of an 
integrated circuit. A roughness less than or equal to 1 
[im is preferable. The thickness of the NiSi layer 
obtained depends on the thickness of the layers that 
are present and on the bonding time. For example, a 
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thickness of about 1 jam is an acceptable value for a 
bond. 

[0028] One particular application of NiSi bonding 
according to the invention, namely the encapsulation of 
a component such as a resonator supported by a Bragg 
mirror, will now be described with reference to Figures 
5 to 15. A first variation of this method of 
encapsulation is illustrated in Figures 5 to 10. 

[0029] Figure 5 shows an element, called a second 

element, which comprises a resonator 14 supported by a 
Bragg mirror 15, and formed from a nickel layer 16 
located between two layers 17 of a low acoustic 
impedance material, for example Si0 2 . This second 
element, supported by a substrate 13, will undergo 
preparation steps prior to the adhesion step. 

[0030] Figure 6 shows the second element on which a 

resist 18 has been deposited so as to protect the 
resonator 14 from the subsequent treatments. Next, two 
openings 180 are chemically etched in the resist 18 to 
expose two regions 181 of the upper surface of the 
Bragg mirror. 

[0031] Figure 7 shows the second element, once a 

portion of the layer 17 of the low acoustic impedance 
material has been removed from the regions 181, such as 
by an ion process or by selective etching for example. 
The actual characteristics of which depend on the 
material used. The nickel layer 16 of the Bragg mirror 
is then exposed in the regions 160. These exposed 
nickel regions 160 will then be able to undergo an 
optional plasma cleaning step to remove the silica 
residues that may have been introduced during the 
etching. This is preferable for obtaining a clean 
nickel surface. 


[0032] Figure 8 shows a first silicon element 19 in 
which a silicon linking portion 20 has been produced by 
etching. Before the first and second elements are 
brought into contact, the resist 18 that protects the 
resonator of the second element is removed from the 
surface of the Bragg mirror 15. 

[0033] The linking portion 20 of the first element 

19 is then brought into contact with the exposed nickel 
regions 160 of the second element (Figure 9) . Next, the 
bonding process is carried out to form a Nisi alloy 21 
at the interface between the silicon linking portion 2 0 
and the nickel regions 160. The thickness of the bond 
is, for example, 1 (am. 

[0034] The encapsulation obtained may be carried out 
in a vacuum or under low pressure to obtain a 
hermetically or semi -hermetically sealed package. When 
the vacuum is created before the bonding step, the 
bonded joint will be formed under vacuum. Next, as 
illustrated in Figure 10, the rear face F REAR of the 
element 19 undergoes, for example, chemical -mechanical 
polishing to form a silicon cover 190. 

[0035] The integrated circuit IC thus obtained then 

comprises a substrate 13 having, on its upper portion, 
a Bragg mirror 15 formed from a stack of layers, only 
the last three of which are shown in Figure 10. The 
layer 16 of high acoustic impedance is formed from 
nickel and is sandwiched between two layers of low 
acoustic impedance, for example Si0 2 layers. The Bragg 
mirror 15 supports a resonator 14 that is encapsulated 
between the Bragg mirror and a silicon cover 190. The 
Bragg mirror 15 and the silicon cover 190 are fastened 
together by a bond 21 formed from a Nisi alloy. This 
alloy is located at the interface between the nickel 
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layer 16 of the Bragg mirror and the linking portions 
2 0 of the cover. 

[0036] The second variation of the method is 

illustrated in Figures 11 to 15. Only the differences 
between these figures and Figures 5 to 10 will now be 
described. According to this second variation, the 
Bragg mirror 15 has a layer 16 of a high acoustic 
impedance material, different front nickel. This layer 
16 may, for example, be made of copper, aluminum, 
tungsten, molybdenum or any other conductive metal. 
[0037] After having exposed the regions 160 of the 
layer 16, a layer of nickel 28 is deposited, for 
example by electrolytic deposition, on these regions 
160. Next, the bonding process is carried out after 
the linking portion 2 0 of the element 19 has been 
brought into contact with the nickel layers 28. Here 
again, the thickness of the nickel layer 28 is chosen 
to obtain a Nisi bond 21 with a thickness of 1 Jim for 
example . 

[0038] The rest of the process is identical to that 
described above with reference to Figure 10. As 
illustrated in Figure 15, an integrated circuit similar 
to that of Figure 10 is obtained, except that, this 
time, the cover 190 encapsulates a resonator supported 
by a Bragg mirror whose layer of high acoustic 
impedance is not made of nickel . Even though the 
entire NiSi bond may consume all of the nickel layer 
28, it is also possible, depending on the thicknesses 
used, for a residue of nickel 2 8 to remain beneath the 
NiSi bond 21. 

[0039] Although an application of the invention 
relating to elements of an integrated circuit has been 
described, the NiSi bonding according to the invention 
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may also apply to microsystems, and therefore 
advantageously replaces bonding with the eutectic alloy 
AuSi . 


